The small intestine is a part of a digestive tract that is responsible for nutrient absorption. To maximize its function of absorption, small intestine has developed a folding structure called villi to increase the mucosal surface area.
The villi, a small thin and finger-like projections of the small intestine, are composed of superficial simple columnar epithelium and deeper connective tissue which includes blood vessels, smooth muscles, nerves, and immune cells.
The proliferation of the stem cell at the base of villi leads to regeneration of the epithelial lining every seven days (Cheng & Leblond, 1974; Sato et al., 2009) . When stem cells finish mitosis, the daughter cells push up the epithelium and differentiation takes place as they are proliferating along the villus. The epithelial cells at the tips of the villus undergo apoptosis and are removed from the epithelium.
An adult human has an average small intestine surface area of 30 m 2 . The villi increase the surface area as much as 6.5 times (Helander & Fändriks, 2014) . Nutrients from digested foods can be absorbed rapidly due to enormous surface area. Large loss of absorptive surface area inhibits the effective nutritional absorption and may result in lifethreatening nutrient deficiency such as malabsorption or intestinal failure (Goulet et al., 2004) . When significant portion of the small intestine is removed, the increase in cell proliferation and migration helps the remaining intestine to build longer villi (Yang et al., 2004) . The villi development only occurs in the fetus, and thus the villi number is unchanged after the neonatal stage (Clarke, 1967; Forrester, 1972) .
The development of villi starts at embryonic day (E) 14.5 in mice which is human fetus at 8-10 weeks. The development occurs by morphogenesis, changing the structure of the pseudostratified epithelium into villi with simple columnar epithelial lining. The human and mice share similar intestine morphology and gene expression, therefore villi development of mice can be applied to the counterpart of human intestine. In mice embryo, the villi development begins in the duodenum and then spreads to the distal portion of small intestine within 36 hours (Goulet et al., 2004) , and this phenomenon appears to be similar in the human intestine (de Bakker, 2016) .
Villus development needs epithelial-mesenchymal interactions whose role has been highlighted for several The Hh signal helps to create mesenchymal clusters that are arranged in a specific pattern, but the mechanism of the cluster distribution is unknown (Walton et al., 2012) . After the formation of the initial cluster, the position of the secondary, tertiary, and quaternary clusters will be established according to its previous specific patterning field. The formation of the subsequent cluster is positioned in the intervillus regions, between the two villi, when the region is large enough for the expansion of the patterning field.
The intestinal villi clusters form first in the anterior, dorsal,
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Mesenchymal cells express many Hh target genes such as Gli1, Ptc1 (Ptch1) and PDGFRα, a receptor for the (PDGFA), before villi formation (Walton et al., 2012) Unlike mammals, chick's intestinal villi are formed by using physical force with the signaling molecules (Freddo et al., 2016) . The physical force is generated by the smooth muscle layer which is located in the deep mesenchyme. As the smooth muscle cells differentiate, a compressive force is generated on the intestine. As the circular muscles, exterior longitudinal muscles, then the interior longitudinal muscles are differentiated in series, more and more physical constraint is given to the intestine (Shyer et al., 2013) . The smooth muscle layer affects the epithelial structure to curve (Shyer et al., 2015) . The curvature of the epithelium leads to zig-zag pattern formation and finally into villi structure (Shyer et al., 2013) . At the 'valley' of the zig-zag, mesenchymal clusters are formed due to Hh signal produced by the epithelial cells (Shyer et al., 2015) . 
